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A compound of structure (I), v/hcrein Ri, R^!. and R ' arc each. indc«'-cnd::K'\ 

rlrnoon /^ii , ^ ^ „o _ _ _ _. . _ ' " *"* 



:.<5 



, •lyciroJici:, or R**; iv (a), fn). 
nrninoalkyl. hydroxyaikv;, ei:r.!iv;;>lkvl. 



IS hydroEcn. alkyl, a.alkyi, -(CH2)qCO.R5, -(CrN),NR?CO.Rio. cnrb;.mvlalkvl 

rnercaploalkyl, alkylthioalkyl, indolylmethyl, hydro.ypchnyimcthyl. inidazovinxMhvI or nh.nvl which i. o-^'inn-i. --.-^c 
di-. ortn-subsi.iutcd w,th a substitucn! selected fron, alkyi. aiko:(v hvdroxv. cvano, halo. ivtro c'rh ^lVoxv \Hn:"o-.."'--hvi' 

fn^Sln M ^■'-.r'!"^-'''- n"°f<="y''"<^<hyl. or phenyl which is oolionally mono-', dl-. or iriAcbstitu-cd R. : "...d ^'.^h 
mdcpendcntlv-^ alkyl. aralkyi, or phenyl which is op.ionally n^ono-. di-. or tri-s.bs.i.uted : X is (O o'or ^^'^'^-.-^ ^-^^^ ' 

c proviso Jh-; o > V^^*-' P'^^rn.nc...icnl!y a-rccptable sn!> th.ro.V. wi/i ! 
mt, pro/iso in.it K\ and \0 arc not :ill nvdro-cii, liir:h:r nrov dc'' t» p: -i-r! ..r^- .r i- .^ ■ - • 

v^dcd that , and . arc ,=ot both 0 when X is O v,hich 'nr^:; 0^;:-:;::,:;;:::^^^^^ \ 

uiuntai aciiviiy is uscrul m trciiling fungal infections. 



* See h.^rlr nf moo 
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BACKGROUND OF THE IN^,^iNTION 

Tliis invention relates to novel esters of rspamycin .md a method for using them 
5 in the treatment of transplantation rejection, iiost vs. graft disease, z^itoimnwii-^ 
diseases, diseases of inflanimaiion. and fungal infections. 



10 



15 



Rapamycin is a macrocyclic tricne antibiotic prc<ii:ccd by ^jrecT omvcKs 
iimssC(2j2i£M, which was found to have antifungal activity, particuiariy asainst 
Can^jida alhicqns ., both in vuro and in vivo [C. Vczina et al., J. Antibiot. 23, 72! 
(1975); S.N. Seghal et al., J. Antibiot. 28, 727 (1975); K. A. Baicer et al., J. Anribiot. 
3i, 539 (1978); U.S. Patent 3,929,992; and U.S. Patent 3,993,7-9]. 

Rapamycin alone (U.S. Patent 4,885,171) or in combin5:ion vnih picibanii 
(U.S. Patent 4,401,653) has been shown to have antitumor acrivity. R. Mznzl et 
[Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rr.pa.niycin is cffccdve in 
the experimental allergic encephalomyelitis model, a model for ziiuldpic sclerosis: in the 
adjuvant arthritis model, a model for riieumatoid Faihritis; sr;d cffecJveiy inhibiia-i :hs 
formation of IgE-like antibodies. 

Tne immunosuppressive effects of rapamycm have been diseased in FASEB 3. 
3411 (1989), rapamycin has been shown to be effective in inhibiting transplant 
rejection (U.S. Patent Apphcation Ser. No. 362,5^i4 filed June 6, 19S9). Cyciosporir. 
A and FK-506. other macrocyclic molecules, also have been sho-.vn to be effective as 
immunosuppressive agents, therefore useful in preventing transplant rejection [FASEB 
3, 341 1 (1989); FASEB 3, 5256 (1989); and R. Y. Calne et al., Uncet 1 183 (1978)J. 

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43 
positions) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885) 
and used to make water soV;b:e prodrugs of rapajnycin (U.S. Patent 4.650,803)' 
Recently, the numbering convention for rapamycin has been changed: u^crcfore 
according to Chemical Abstracts nomenclature, the esters described above v/c^jld be at 
30 the 31- and 42- positions. 



20 



25 
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DESCRIPTION OF THE IN^/ENTION 

This invention provides derivatives of rapamycin v/hich arc v.stful c.s 
iminimosuppressive, anii-infiammator/, and ajitifungal agcnL^ havin^ the stnicrarc 




wherein Rl, r2> and are each, independently, irvdroeen, or 



il 9 

R is -[C(CH2)„CH(CH,)„N]pC02R' , -C- (CH,\X(Ctl,),CQ.PJ^ , or 



R5 R6 



o 

-C-^ -L_C02Ri2. 

R5 is hydrogen, alkyl of 1-6 carbon atoms, arplkyl of 7-10 c?Tbcn atoms, 

-(CH2)qC02R8. -CCH2)rNR9CO2Ri0, corbamylalkyl of 2-3 cju-bon ztonis, 
aminoalkyi of 1-4 carbon atoms, hydroxyalkyi of 1-4 carbon atoms, 
15 guanyialkyl of 2-4 carbon atoms, mercaptoalkyl of .;-4 c?j-bon atoms, 

albylthioaLkyl of 2-6 carbon atoms, indclylmethyi, hyclroxyphenylmethyL 
imidazolylmethyl or phenyl which is optionally mono-, di-, or rri-substitut'ed 
with a substituent selected from a!l<yl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, cnrbaLkoxy of 2-7 caa bon atoms, 
20 trifluoromethyl, amino, or a carboxylic acid; 

R6 and R5 axe each, independently, hydrogen, aLkyl of 1-6 carbon atoms, or aralkv! 

of 7-10 c.njbon atoms; 



wo 92/05179 



PCT/U551/C6324 



- J 



R^, R8, and RlO each, independonily, alky! of 1-6 csrbon atoms, araikyi of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is opdonaliy nrono-, di-, or tri- 
substituted -^-ith a substin-cnt selected from alJcyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitre, carbalicoxy of 2-7 carbon 
5 atoms, trifluoromethy!, amino, cr a carboxylic acid; 

Rl 1 and Rl2 are each, indepcndendy, alkyl of 1-6 carbon atoms, axalicyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substinjtcd with a 
substitueni selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbcr. ?.tcms, 
1" ■ trifluoromethy], aimino, or a carboxvlic acid* 

Xis -C-, O. orS: 

R13 and R'* axe each, indep-sndemiy, hydrogen or alley] of 1-6 carbon zto-^.v 
15 YisCHorN; 

m is 0 - 4; 

n is 0 - 4; 

p is 1 - 2; 

q is 0 - 4; 
20 risO-4; 

t is 0 - 4; 

u is 0 - 4; 

O 

wherein R , R^, m, and n are independent in each of the[C(CH2);^CH(CH-,)nN| 

j i 

subunits when p = 2: 

or a pharrnaceuiicaily acceptable salt thereof, with the proviso that ?J, R2, p.nd R3 
25 not all hydrogen, f.jnher provided that Ri,R2, and R3 are not all 
O 

!1 

- LC(CH2)„,CH(CK,)„N]pC0,R^ , and stiU further provided that t r^.d u are not 

R5 R6 
both 0 when X is 0 or S. 



are 
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Of tlie coniDounds v/hen R"* is - [C(CH.-,),^CH(CK2).,N]pC0-,R'' 

' i ■ ! 

preferred memb-srs are those in which n: = 0, n = 0, piiid p = 1 ; m = 0, n = 0, and 
p = 2; n = 0, and R5 is -(CH2)qC02RS; m = 0, n = 0, r^d R5 is -(CH2)rNR5CO2Rl0; 
and m = 0, n = 0, and R^ is hydrogen. Preferred compounds also include those 

O 

^ meinbcrsin whichR'is -C- (CH2).X(CK2)uC02R" . 

The pharmaceutically acceptable salts may be formed from inorganic cations 
such as sodium, potassium, and the like; mono-, di-, and triallcyl amines of 1-6 cjirbon 
atoms, per alkyl group and mono-, di-, and trihydroxyalicyl amines of 1-6 carbon 
atoms per alkyl group; and organic acids such as scetic, lactic, citric, tartaric, succinic, 
10 maleic, malonic, gluconic, and the lil-ce. Preferred basic salts arc formed from sodium 
cations and tris(hydrox>7nethyl)methyl3mine. 

The compounds of this invention can be prepared by acyiaring rapamvcin v/ith 
an acylating agent having the general structures 



15 



O 

!l 



o 



Z-[C(CK2)^CH(CH2),N]pCP2R' , Z~C--(CH2),X(CK:^,CO,R- 



I 



, or 



0 



'Y 



where Z is OH in the presence cf a coupling reagent, such as dicycloher.yl- 
carbodiimide. Tne compounds of this invention also can be prepared using an 
anhydride or a mixed, anliydridc of the above describv^d crL"::>oxylic acid as the acvlating 
species. Altematively, the acylating species can be an acid haiidc, v/here Z C3ji be CI, 
20 Br, or L The acylating groups used to prepare the compounds of 'his invention are 
commercially available or can be prepared by methods that are disclosed in the 
literamre. 

Where it is desired to prepare acyl derivatives having tv/o or three different 
groups then sequential acylation may bepcrfonned using appropriate acylating agents 
25 as denned above, if necessary isolating the desired product by appropriate Durification 
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15 



20 



25 



30 



35 



techniques. In general the 42-nos)t;c'n is scyhted Hrst and such s. rr:c:-:oacvInted 
product may be isolated prior to ;hc scccnci acylaticn and so fcr.h. Appropriate 
protecting groups may be used to block any position where acy.lation is not required. 

Inimunosuppressive activity '«-as evaluated in an .iii.vi_tr(2 standard 
pharniacological test procedure to measure lymphocyte proliferation OLAF) and in t^A-o 
in vivQ standard phaimacologicd test procedures. The first in rivo procedure was .i 
popliteal lymph node (PLN) test procedure which ir^easuied the effect of compounds of 
this invention on a mixed lymphocyte reaction and the second in viya procedure 
evaluated the survival rime of a pinch sldn graft. 

The comuogen-induced thymocyte proliferation procedure O-^AF) was used as 
an in viae measure of -he immunosuppressive effects of representative comcounds. 
Briefly, cells from the thymus of ncrrnai BALB/c mice are cultured for 72 l-.ours with 
PKA and IL-1 a;id pulsed with tritisted thymidine during the kst six hours. Cells are 
cultured with and without various concentrations of rapamycin, cyclosporin A, or test 
compound. Cells are harvested and incorporated; radioactivity is dctcnnined. 
Inhibition of lymphoproliferation is assessed in percent change in counts per minute 
from non-drug treated controls. Tr.z results are expressed by :hc foilo^^inR r^rio, or as 
the percent inhibition of lymphoproliferation of 1 .OiM. 

^Bzcpntrol thymus cfjill.; . H3 .rapamvcin-trea tc d th-/mus cgik 
^H-control th>'mus cells - K^-test compound-treated ceUs 

A mixed lymphocyte reaction (MLR) occurs when lymphoid cells from 
genetically distinct animals are combined in tissue culture. Each stimulates the other to 
undergo blast transformation which results in increased DMA synthesis that can be 
quantified by die incorporation of trinated th'/midinc. Since stimulating a MLR is a 
function of disparity at Major Histocompatibility antigens. ?ji in vivo poditeal lymph 
node (PLN) test procedure closely correlates to host vs. graft disease. Briefly 
irradiated spleen cells from BALB/c donors are injected into Lhe right hind foot pad of 
recipient C3H mice. Tne drug is given daily, p.o. from .Day 0 to .Day 4. On Day 3 and 
Day 4, tritiated thymidine is given i.p., b.i.d. On Day 5, the hind poplitcai'lyn^ph 
nodes are removed and dissolved, and radioactivity counted. Tiie con-'spondins^ left 
PLN ssr^/es as the control for the PLN from the injected hind foot. Percent 
suppression is calculated using the non-drug D-eated animals as allogenic centre]. 
Rapamycin at a dose of 6 mg/kg, p.o. gave 86% suppression, v.-here.^.s cycicspcrir. A 
at the same dose gave 43% suppression. Results are expressed by the foUowin.^' ratio- 
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^HiPLN.c clls con tPc^ C3H mouse - ^ H-PLN ceils raparnv cin-ir^n^r^^ ulCJ-l^e 

^H-PLN cells control C3K mouse - -H-PLN cells test compound-treated C3?I mouse 

5 The second in vivo test procedure is designed to deieiTni.ne the survival time of 

pinch skill graft from male DBA/2 donors transplanted to male BAL3/c recipients. Tnc 
method is adapted from Billingham R.E. and Medawar P,B.. J. Exp. 3iol. 25:335- 
402. (1951). Briefly, a pinch skin graft from the donor is grafted on the dorsun^ of the 
recipient as a homograft, and an autograft is used as control in the same region. The 

10 recipients are treated with either varying concentrations of cyclosporin A as test control 
or tlie test compound, intraperilcneally. Untreated recipients ser/e as rcjccticn control. 
The graft is monitored daily and observations are recorded until the graft becomes dry 
and forms a blackened scab. Tnis is considered as the rejecdon day. The mean graft 
survival time (number of days ± S.D.) of the drug treaim.ent group is compared with 

15 the control group. 

The follov/ing Lable summ.arizes the results of representative compounds of this 
invention in these three standard test procedures. 



TABLE 1 

20 



25 



35 



Comtx>gncJ 


LAF* 
•rratio^ 


PLN* 


Skin Gra.ft 
(davs + 


Example 1 


1.8 


0.61 


12.0 ±_1. 6 


Example 2 


0.33 


0.62 


11.5 ±0.6 


Example 3 


0.20 


+ 


9.0 ± 0.9 


Example 4 


4.9 


0.18 


12.3 ± 0.5 


Example 5 


0.006 


+ 


8.8 .t 0.9 


Example 6 


5.4 


0.33 


11.5 + 3.5 


Example 7 


3% at IjiM** 




7.7 ± 1.5 


Example 8 


0.03 


0.41 




Example 9 


0.96 


1.34 


10.3 ± 0.8 


Example 10 


2.0 


0.96-^+ 


12.7 ± 1.2 


Example 1 1 


0.CG4 




10.5 ± 1.3 


Example 12 


19.8 


-2.87 


12.0 ±2.0 


Example 13 


22% at 




7.0 ± 0.6 


Example 14 


0.37 




8.2 ± i.2 


Example 15 


0.9 


0.69 


10.7 ± 1.2 
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Compound 


TABLE 
frntiol 


i (Co.ntLnucd) 

PLN* 
("ratio) 




Example 16 


3.27 


1.04;V^ 


12.7 ±0.9 


Example 17 


0.56 




10.2 ± i.7 


Example 18 


0.02 


1.11'-'^^ 


S.0± 1.7 


Example 19 


0.01 


0.48 


S.0±0.9 


Example 20 


0.97 


0.70 


9.3 ± 1.6 


Example 21 


0.22 


-i.93 


12.0 ± 1.7 


Example 22 


0.22 


0.41 


10.2 ± 1.2 


Example 23 


0.18 


0.39 


ICS ±.0.8 


Example 24 


0.00 


0.09 


7.g±_1.7 


Rapamycin 


1.0 


1.0 


12.0 ± 1.7 



* Calculation of ratios was described supra. 
** Result expressed as percent inhibition cf lymphcproilceraucn at \ ll-.I. 
+ Not evaluated 

-H- Results obtained usLng cremophorc/ethanol zs a vechicle for adroiristrsiion. 
Ratios of 0.33 and 1.07 were also obtained using cajfaoxymethyl celiulose 
as a vehicle for administration. 

Results obtained using cremophore/ethanoi as a vechicie for adroinistraticn. 
Ratios of 0.20 and 1.08 also v/ere cbtaine^d using carboxymeLhyl cellulose 
' as a vehicle for administration. 
### A ratio of 0.42 also was obtained for this compound. 



Tlic results of these standard pharmacological test procedures dcnionstr^ie 
immunosuppressive activity both in vitro and in vivo for the cornr^oiinds cf this 

30^ invention. Positive ratios in tlie LAF and PLN test procedures indicate suppression of 
T cell proliferation. As a transplanted pinch skin grafts are typically rejected within 6-7 
days witiiout the use of an immunosuppressive agent, the increased survival time of the 
skin graft when treated with the compounds of this invention funher demonstrates thzu 
utility as immunosuppressive agents. While it appears that the ccmpcund disclosed bv 

35 Examples 12 and 21 may cause T cell proliferation in Lhc PLN test prc-ccdure. it is 
believed a negative ratio in this test procedure couplixl with an increased sup/ival time 
observed in the skin graft test procedure indicates a proliferation of T.„«p^^<;c^j- rci^s 
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which are implicated in suppressing the immune response, (sec, I. Roitt ct al. 
Immunology, CV.Mcseby Co. 19S9, p 12.8-12,11). 

Antifungal activity of the compounds of this invention measured a.^aiast 5 
5 strains of Candida albicans using a plate test procedure for measurement of inhibition. 
The following represents the typical procedure used. Ccm.pound to be tested v/as 
placed on sterile dried 1/4" plate disks, and allowed to dry. Agar plates were seeded 
with fungi and allowed to solidify. The impregnated disks v;ere placed on the seeded 
Agar surface and incubated for the time required for the panicnlar culture. Resuits r.re 
10 expressed in MIC ( jag/mil) to inhibit grovvih. The results of Lhis lest procedure shov/ed 
that the compounds of this invention have antifungal activity; hov/cver, it was 
surprising that the compounds of this invention were less active than the r^zxzr^i 
compound, rapamycin. 

15 Table 2- 









Strain of Candida aibicans 










ATCC 10231 


ATCC 3S246 


ATCC 352^7 


•ATCC 38248 


^ fry 




Exiimple 1 


> 0.4 


>0.4 


> 0.4 


>0.4 


>0.4 




Example 2 


0.1 


0.2 


0.2 


0.2 


C.l 


20 


Example 3 


0.4 


>0.4 


>0.4 


>0.4 


0.4 




Example 4 


0.1 


0.4 


0.1 


O.I 


0.2 




Example 5 


> 0.4 


>0.4 


>0.4 


>0.4 


>0.4 




Example 6 


0.1 


>0.4 


0.2 


0.4 


>0.4 




Example 7 




+ 








25 


Example 8 


> 0.4 


>0.4 


>0.4 


>0.4 


>0.4 




Example 9 


0.4 


>0.4 


0.4 


>0.4 


>0.4 




Example iO 


0.2 


>0.4 


0.2 


0.4 


O .! 

\^ .•-I' 




Example 1 1 


> 0.4 


>0.4 


> 0.4 


>0.4 


>0.4 




Example 12 


0.2 


> 0.4 


n 

v. A 


0.2 


0.4 


30 ■ 


Example 13 


> 0.4 


> 0.4 


> 0.4 


>0A 


>0.4 




Example 14 


>0.4 


> 0.4 


> 0.4 


>0A 


>0.4 




Example 15 


>0.4 


0.4 


> OA 


■<■ 


0.4 




Example 16 


0.2 


0.1 


0.4 


0.1 


C.l 




Example 17 


>0.4 


0.2 


> 0.4 


0.2 


/ 


35 


■Example 18 


0.4 


> 0.4 


> 0.4 


>0A 


50.4 




Example 19 


0.4 


> 0.4 


0 i 


>0.4 
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Tab!^ 2* (Continued) 
Strain of Candida albicans 



Comoound 


ATCC 10231 


ATCC 38246 


ATCC 38247 


AjIlC_3i^24ri 


3.5^9 


Example 20 


O.i 


0.4 


0.1 


0.1 


0.2 


Example 21 


0.4 


>0.4 


0.4 


>0.4 


>Q.4 


Example 22 


0.2 


>0.4 


0.2 


0.4 


>C.4 


Example 23 


0.1 


>0.4 


0.2 


0.4 


>0.4 


Example 24 


>0.4 


>0.4 


>0.4 


>0.4 


>0.4 


Rapamycin 


0.003 


0.025 




r. r\/\r 





10 

* expressed as ^4IC (^ig/ml) 
+ not evaluated 

Based on the results of these standard pharmacologica! tesr r.-rccedurcs, the 

15 compounds arc useful in the treatment of cranspiantation rejection such zz, hear., 
kidney, Iwer, bone marro-;/, and skin transplants; autoimmune diseases such cs, iupus, 
rheumatoid arthritis, diabetes melliius, myasuienia gravis, and multiple sclerosis: and 
diseases of inflammation such as, psoriasis, dermatitis, eczema, seborrhea, 
inflammatory bov/el disease; and fungal infections. 

20 The compounds may be administered neat or v/ith a pharmaceutical can-i.cr to a 

mammal in need thereof. The pharmaceutical carrier may be solid or liquid 

A solid carrier can include one or more substances v/hich may also act as 
flavoring agents. lubricants, solubilizers, suspending agents, fillers, glidants, 
compression aids, binders or tablet-disintegrating agents; it can also be an encapsulating 

25 material. In pov/ders, the carrier is a finely divided solid which is Ln admucture with the 
finely divided active ingredient. Ln tablets, the active ingredient is mixed vrirh a carrier 
having the necessary compression propenies in sui-able propoitions and compacted in 
the shape and size desired. Tne powders and tablets prefera.bly contain up to 99% of 
the active ingredient. Suitable solid carriers include, for example, calcium phosphate, 

30 magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl 
cellulose, sodium carboxymcthyl cellulose, poiv-inylpyrroiidine, low mclnns Vv^^xes 
and ion exchange resins. 

Liquid carriers are used in preparing solutions, suspensions, emulsions, 
syrups, elixirs' and pressurized compositions. The active Lnp^rdient can be dissolved or 

35 suspended in a pharmaceuucally acceptable liquid cairier such as water, ?s\ oreanic 
solvent, a mixRirc of both or plicnmace.utically acceptable oils or fats, Tne liauid carrier 
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can conuiin other suitable pljanr-acciiticai additives such as solubilizers, en^'jisifiers, 
buffers, preser/aiives. sweeteners, flavoring agents. 3i:spend:ng agents, thickening 
agents, colors, viscosity regulators, stabilizers or osmo-rcgu!ators. Suitable examples 
of liquid carriers for oral and parenteral administration include water (partiallv 
containing additives as above, e.g. cellulose derivatives, preferably sodium 
carboxymethyl cellulose solution), alcohols (including monohydric ?JcohoiS and 
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated 
coconut oil and arachis oil). For parenteral administration, the carrier can also be aji 
oily ester such as ethyl oleate and isopropyi myristatc. Sterile iiquid carriers arc useful 
in sterile liquid form compositions for parenteral administration. The iiquid csirier for 
pressurized composidons can be halogenated hydrocarbon or oilier "harmaccuticallv 
acceptable propellent. 

Liquid pharmaceutical compositions which are sterile solutions or suspensions 
can be utilized by, for er.ample, intramuscular, ir.trapcritoneai or subcutaneous 
15 injection. Sterile solutions can also be administered inu-avcnously. live compound csn 
also be administered orally either in liquid or solid composition form. 

Preferably, the pharmaceutical compositio.n is in unit dosage form, e.?. as 
tablets or capsules. In such form, the composition is sub-divided in unit dose 
containing appropriate quantities of Lhe active ingredient; the vmt dosage forms can be 
20 packaged compositions, for example, packeted pov/ders, vials, ampoules, preillied 
syringes or sachets containing liquids. The unit do.sage form can be, for example, a 
capsule or tablet itself, or it can b« the appropriate num/oer of any such compositions in 
package form. The dosage to be used in the treatment must be subjectively determined 
by the attending physician. 

In addition, the compounds of this invention may be employed as a solution, 
cream, or lotion by formulation with pharmaccutically acceptable vehicles containing 
O.i- 5 percent, preferably 2%, of active compound which may be administered to a 
fungally affected area. 



The following examples illustrate the preparation of .representative compounds 
cf tliis invention. 



25 
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Example 1 

RaDamvcin-42-ester with N-ffl J^jime^Jwlethoxv^carbonvll-g ivcvigiycinj^ 

5 Under anhydrous conditions, a solution of rapair.ycin (3 g, 3.23 ni^.o-e) r.nd 

N-[(l,l-dinnethyleihoxy)carbonyi]-giYcylglycine (3.04 g, 13.1 mnioie) in AO mL of 
anhydrous dichloromethane was treated with dicyclohexylcarbodiimids (1.35 g. 6.56 
mmolc) followed by 4-din:jethylairiincpyridine (0.8 g, 6.56 mir.ole): After stirring at 
ambient temperature for 48 hours, the precipitated solid was coilected and \vr.shed v,dLh 
10 dichloromethane. The combined filtrates were absorbed directly onto silica gel Merck 
60 by adding the gel and evaporation to dr/ness. Flash chromaicgraphy of the 
preabsorbed material (using a gr^vdient elurion v.-itii ethylaceratc-toiuenc from 2: i to 1 :0 
vA') afforded 1.05 g (23.3 %) of the title compound isolated as a three quaner toluene 
solvate, along, witli the 31,42-diester of Example 2. HPLC analysis showed that the 
15 moncestcr is a 8,3: 1 mixtui-e of two ccnfcrmers. 

h-i NIvIR (CDCI3, 400 MxHz): 5 1.46 (m, 9H, CCO3u*0> ^^65^ (s, 3H, 
CK3C=C), i.751 (s, 3H, CH3C=C), 3.14 (s, 3K, CK3O), 3.33 (s. 3K, CH3O), 
3.36 (s, 3H, CH3O), 4.18 (d, IH, Cn^OH), 4.75 (ra. IK, 42-Cl-lO ), 4.79 (s, IH, 
OH); Kgh Res. MS (neg. ion FAB) Calcd for C60H93N3O17: 1127.6504, measured 
20 mass 1127.6474. 

Anal. Calcd for C6oH93N30n • 0.75 ?hCK3: C, 65.45; H, 3.33; N, 3.51 
Found: C, 65,23; H, S.32; N, 3.S6 



25 

The following representative compounds can be prepared from rapamycin and the 
appropriate terminally-N-substituted amino acid by employing the mctiicd used to 
prepare tiie title compound in Example 1. 

30 Rapamycin-42-ester with N-[(flucrenylmetlioxy)carbonyI]-alajnyiserine 
Rapamycin-42-ester with N-[(fluorenylmethoxy)carbonyl]-glycylgiycine 
Rapamycin-42-ester with N-[(ethoxy)carbonyl]-arginylmethionir.e 
Rapamycin-42-esier with N-[(4--chlorophenoxy)carbonyl]-hisridylareinj.nc 
Rapamycin-42-ester with N-[(phencxy)carbonyl]-trv-ptophany!Ieucinc 

35 Rapamycin-42-ester with N-[(phe^yImelhcxY)c^Jbo^y!)]-^^mcthvl<;ivcy!-^:. 
ethylalanine 
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Rapamycin-42-ester with N-[(p;ienylraethoxy)carbonyl]-N-mi;thy!-3- 
alanylphenylalanine 

Pwapamycin-^l2-ester with Nn(l,l-diiTiethyleihoxy)carbcnyl]-cysteinylglycine 



Example 2 

RapaniYgin-3 1 ■42-qiester with N-rn .1 -di m ethv]ethoxv' )carbonvn.«riYrvloly.-.:n.. 

10 The title compound (1.85 g. 42%) was separated from the 42-r!:onc2stex- as 

described in Example 1 and isolated as a three quaner toluene solvate. HFLC rjiaiysis 
showed that the diester is a 8. 1 : 1 mixture of confomiers. 

1h NMR (CDCI3. 400 MHz): 5 1.452 (m, 18H, COOBut). i.6612 (s. 3K, 
CH3C=C). 1.7815 (s, 3H, CH3C=C), 3.14 (s, 3K. OC.H3), 3.34 (s. 3K, C-CH3),' 
15 3.35 (s, 3H, OCH3), 4.52 (s, IH, OH), 4.79 (m, IH, 42-CrlO ); Ki-h Res. MS (ne-.' 
iopFAB):CalcdforC69Hi07N5O21 1341.7458, measured mass: 1341.7463. 

Anal. Caicd for C69K107N5O21 • 0.75 ?hCH3: C, 63.17; K, S.06; N, 4.95 

C, 62.S3; K. 3.09: N. 5.00 

20 

The fcUowing representadve compounds can be prepared &x)ni nipamycin and Lhc 
appropriate tenninally-N-subsrituted amino acid by employing the method used to 
prepare the title compound in Example 2. 

25 Rapamycin-3i,42-diester with N-f(fiuorenylmcthoxy)carbonyl]-alanylser;ne 
Rapamycin-3 1 ,42-diester with N-[(fluorenylmethoxy)carbonyI]-glycylglycinc 
Rapamycin-31,42-diestcr with N-[(ethoxy)carbonyl]-arginyI.nicthionine 
Rapamycin-3 1,42-diesier with N-[(4-chlorophcnoxy>carbonyl]-hisddylru-gininc 
Rapamycin-3 1 ,42-diester with N-[(phenoxy)carbonyl]-tTyptophanyller.cin£ 

30 Rapamycin-3 1 ,42-diester with N-[(phenylmethoxy)carb-onyl) ] -N-msth yigivcy!-?-:- 
ethyl-alanine 

Rapamycin-31 ,42-diest.cr v/iLh N-[(phenylmcthoxy)c3jbo.n.vl]-N.me.thvi-rv 
alany'phenyl- alanbie 

Rapamyci:>31,42-diesterwith N-[(l,l-dimethylethoxy)carbonyi]-cystdnylclv.;ine 
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Example 3 

RaDamvcin-3 1 ,4?-Hip.:r^r wWh \^.\( ] ^ \ -d'm zihv]eA h oxy)cps\y?nv\]-'N.-w .cA\)^^ 

5 Under anhydrous conditions, an ice cold solution of rapamycin (2 ,-5, 2.18 

nimole) and N«-Boc sarcosir.s (1.65 g. S.75 mmole) in 20 ml of anhydrous 
dichloromethane was treated with dicyclohexylcarbcdiimidc (1.8 g, 8.7 rrmole) 
followed by 4-dimethylaminopyridine (i g, 8.7 mmole). After stirring overnight at 
ambient temperature, the precipitated solid was collected and washed with 
dichloromethane. The combined filtrates were evaporated to dryness to give an 
amorphous amber solid (3 g). The crude product was purified by flash chromatography 
( on silica Merck 60, elution with hcxajie-ethylacetate 1:1, v/v) to provide the title 
compound (0.75 g. 27.4%) along with the 42-rnonoester of Example 4. P-IPLC analysis 
showed tliat the diester is a 19.8: 1 mixture of two conformcrs. The multiplicity of tl-.c 
1 5 KMR peaks suggests the presence of amide rotamcrs. 

. NMR (CDCI3, 400 hmz): 5 1.411, 1.438, 1.448 and 1.474 (m, IS H. 
COOBut), 2.91 (m, 6H. NCH3). 3.14 (s, 3K, CH3O). 3.34 (s, 3K, QhsO), 3.37 (s.' 
3H. CH3O). 4.73 (broad. IH. 42-CHO), 4.82 (2s, IH. OH); High Res. MS (neg. io.n 
FAB): Calcd. for C67Ki05iN3Oi9 1255.7342. measured mass 1255.72S9. 
20 Anal. Gilcd for C67K105N3O19: C. 64.04; H, 8.42; N. 3.34 

^ound: C, 64. 14; H, 8.74; N, 3.63 

The following representative compounds can be prepared from rapamycin and 
the appropriate terminally-N-subsrituted amino acid by employing the method used to 
25 prepare the title compound in Example 3. 

Rapamycin-31,42-diester with N-[(etlioxy)c£rb-onyl]-tj'rosine 
Rapamycin-3 1 .42-diester with N-[(fluorenylmethoxy)carbony!]-p;ienylalan)ne 
Rapamycin-3l.42-diesterwith N-[(3'.4',5'-trihydroxyphenoxy)carbonyl]-iso!eucinc 
30 Rapamycin-3 1,42-d iester with N-[(l , 1 -dimethylethoxy)carbonyl)-glutaminc 
Rapamycin-3 1.42-diesterv/ith N-[(phenoxy)carbonyI]-N-methyla]aninc 
Rapamycin-3 1,42-diester with N-[(propyloxy)carbony!]-4-3mincbutr\'j.c acid 
Rapamycin-3 1,42-diester with N-[(phcny!mcthoxy)carbonyl]-7-am!nohepta.ncic acid 
Rapamycin-3 1,42-diester with N-[(nuorenvlmeLhoxy)carbonyl]-serine 

35 



wo 92/05179 



PCT/US9 1/06324 



14 



ExaruDle 4 



10 



15 



20 



25 



Rapamvcin-42-ester with N-fn J -riirPf»thvlpt}^r>vv^no^:-v^nyn.;^rr|^)^y;r^^ 

Under anhydrous conditions, an ice cold soludcn of rapamycin (0.95 g, 1.02 
mmole) and N^-Boc sarcosinc (0.21 g, 1.1 iximoic) in 20 rr.L of anhydrous 
dichloromsthane was treated with dicyclohexylcarbcdiiniide 0.21 g, 1 tnmole) followed 
by 4-dimethylaniinopyridine (0.12 g, 1 nunole). After stirring for 4 hours at ambient 
tcmperarare, the precipitated solid was collected and washed v/ith diclilcrcmethane. The 
combined filtrates were concentrated in vacuo to give an amorphous amber solid. Rash 
chromatography of the crude product (on silica Merck 60, elution with hexane- 
ethylaceiate 1:1 v/v to remove the diester of Exampie 3, followed by cliloroform- 
ethyiacetate-methanol 75:25:1 v/v) provided partially punned title compound (0.3S g, 
35%). Pure product was obtained by preparative H?LC C'Vaters Prep 500, silica gel, 
chloroform-ethylacetate-methanol 75:25:1 v/v, flov-/ rate 250 m-L/min). HPLC ajiaivsis 
showed that the ester is a 6.6:1 mixture of tv^o conforrrzcrs. Tlie multiplicity of NIvIR 
pealcs suggests the presence of amide rotam.ers. 

1h NMR (CDCI3, 400 iMHz): 5 1.42-1.46 (ds, 9K, COOBu'-), 2.91 (ds, 3H, 
NCH3). 1.644 (s. 3H. CH3C=C), 1.738 (s, 3H, CH3C=C), 3.12 (s, 3?L CH3O). 
3.32 (s, 3K, CH3O), 3.35 (s. 3H. CH3O), 4.18 (d, IH, CHOR), 4.71 (broad, IK, 
42.CHO), 4.78 (broad s, IH, OH); High Res. MS (neg. ion F.AB): Calcd for 
C59H92N2O16 1084.6446, measured mass 1084.6503. 

Anal. Calcd for C59H92N2O16: C, 65.29; H, S.54; N, 2.53 

Pound: c, 65.25; H, 8.52; N, 2.42 

The following representative compounds can be prepared from rapamycin and 
the appropriate terminally-N-substituted amino acid by employing the method used to 
prepare the title compound in Example 4. 



30 



35 



Rapa.^ycin-42-ester with N-[(ethoxy)carbonyl]-i>Tosir.c 
Rapamycin-42-ester with ^^[(^uorc^yl^T^ell^cxy)ca^bonyl]-phe^oiala^ine 
Raparr.ycin-42-ester with N-[(3\4\5'-trihydroxyphcnoxy)c3rbonyij-isolcucinc 
Rapamycin-42-cster with N-[( 1 , 1 -dimet]iylcthoxy)carbonYl)-gluiamine 
Rapaniycin-42-csier with N-[(phenoxy)crj-bonyl]-N-methyi2!anipe 
Rapamycin-42-ester with N-[(propy!oxy)ca7bonyl]-4-nrp.inob:rj7.-ic ncid 
Rapamyrin-42-e5[er with N-[(phenylrneihoxy)c:i7bonyl]-7-ajrii:iohcrMnn^ acid 
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Rapamycin-31,42-dicsterwiih N-[(fluorcnyimcthoxy)carbonvlji-jrir:3 
Example 5" 

5 Ragamvcin-31 .42-diester with 5-(l J-riimethviethoxyV2-[rri .l-fiirrLgf^^^^ 
carbonvllami nol-5-oxooentannic adc } 

Under anhydrous conditions, an ice cold solution of rapamycin (4 g, 4.37 
mmole) and L-glutamic acid N"-Boc-y-tert-butylestcr (4.9 g, 16.1 mmole) in 40 rrJL 

10 of dry dichloromethane was treated with dicyclohexylcarbodiimidc (1.8 ?, g.7 mniole.) 
followed by 4-dimethylaminopyridine (1 g, 3.7 nnmoie). After .^tjrring overnight at 
room temperature, the precipitated soiid v/as coliccted and washed with 
dichloromeLhane. The combined filtrates were concentrated in vaciio to provide 11 g of 
an amorphous amber solid. The crude product was purified by flash ciiTcrr.atoEraphv 

15 (on silica Merck 60, gradient elution with hcxane-ethylacetate from 2: 1 to 1: 1, v/v) to 
yield 4.52 g (69.6%) of the title compound aiong with t!ie 42-moncesrer of ExamDie 6. 
UPLC analysis showed that the diester consists of a 6.6: i mixture of two confcrmcrs. 

1h NMR (CDCI3. 400 MHz): 5 1.42 (m, 36 H, COOBu'O, 1.646 (s. 3K, 
CH3C=C), 1.701 (s. 3H. CH3C=C), 3.13 (s, 3H, CH3O), 3.34 (s, 3H, CH3O), 

20 3.36 (s, 3H, CH3O). 4.735 (m. 2H. 0H-h;2-CH-0); High Res. MS (neg. ion FAB): 
calc. for C79H125N3O23 1483.8715, measured mass 1483.8714. 

Anal. Calcd for C79H125N3O23: C, 63.90; H, 8.49; N, 2.S3 
Found: C, 63.63; K, 8.41; N, 2.44 

25 

The follov/ing representative compounds can be prepared from rapamycin and 
the appropriately terminally-N-subsntatcd amino diacid monosster by employing tiie 
method used to prepare the title compound in Example 5. 

30 Rapamydn-31/12-diesterwith6-(phen.ylmethoxy)-2H:rnucrenyi.,x.cthoxy)c3rbonY]j- 
amino]-6-oxohexsjioic acid 

Rapamycin-31,42-diesterwith 6-(4'-methylphcnc>cy)-3-il(phcnyimcthoxy)carbonyl)- 
amino-6-oxohexanoic acid 

RapamYcin-31,42-diesier with 6-(etho:<y)-4-[[(phenoxy)cavbonyI]amino]-6-cxo- 
35 hexanoic acid 
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Rapamycin-3 1 ,42-diester v/iui 6-(methoxy)-5-[f (ethoxy)ca.rbony]]arnjjiol-6-o:'.cv- 
hexanoic acid 

Rapamycin-3 1 ,42-cliester v/ith 4-(phenoxy)-2-[N-[( 1 , 1 -dimcthYlet;ioxy)carbonyJj-N- 
methylainirio]-4-oxobutaiioic acid 

Rapainycin-31,42-diester\viih 4-(phenyimethoxy)-3-[N-[(ine:hoxy)carbcnylj-N- 
methylaiiiino]-4-oxobutanoic acid 



Example 6 

10 

Rapamvcin-42-e,'; ter with .i-fl . ] -dimethvlethoxv')-2-rf ( 1 . 1 -dimct hvip.rhny v)- 
carbonvllainin9l-5-oxoDentsnoic acid 

Trie tide compound (1.14 g, 20.6%) was separated frcm the 3i,42-diester as 
15 described in Example 5 and isolated ?s the quaner hydrate/mono-ethvi acetate colvaie. 
liPLC analysis showed that the monocster is a 1 1.5: 1 mixture of r.vo ccnfcmcr^ 

Jh N?.IR (CDCI3. 400 MHz): 6 i.425 (m. iSK, CCOBut), 1.643 "(s! 3K, 
CH3C=C), 1.737 (s. 3H, CH3C=C). 3.13 (s. 3K, CH3O), 3.32 (s. 3K. CHctO),' 
3.36 (s. 3H, CH3O). 4.17 (d, IH, C//OH). 4.71 (M, IK, 42-CHO), 4.735 (sflH. 
20 OH); High Resolution MS ( neg. ion FAB): Calc. for C55H102N2O10 1198.7127, 
measured mass 1198.7077. 



25 



Anal. Calcd for C65H102N2O1S • CHsCOOEt • 0.25 K2O: 

C, 64.13, R 8.60; N,2.17 
C. 64.18; H,S.52:N, 2.01 



The foHowing rep.rcsentative compounds cm bz prepared from rapsjP.ycin and 
Lhc appropriately terminally-N-substituied amino diacid monoestcr by employing the 
30 method used to prepare the title compound in Example 6. 

Rapamycin-42-estcr'Mth 6-(phenylmetho;<y)-2-[[nucrc.n.Y!rrie.t:n.oxy:;cr.-conyl]-rjT^ir:C]- 
6-oxohexancic acid 

Rapamycin-42-esterwith 6-(4'-methylphenoxy)-3-[i(phcny!mcthovy)carbcny;.]-amino- 
35 6-oxohexanoic acid 
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Rapamyciii-42-iester with 6-(ethoxy;-4-[[(phenoxy)carbonyiJamino]-6-o>:o- hexar.oic 
acid 

Rapamycin-42-estcr with 6-(methoxy)-5-[[(cthoxy)carbonyl]amino]-6-oxo- hexanoic 
acid 

5 Rapamycin-42-ester with 4-(phenoxy)-2-[N-[(l,l-dimethylethoxy)carbonyl]-N- 
methyIamino]-4-oxobi:tanoic acid 

Rapamycin-42-ester with 4-(phenylmethoxy)-3-[N-[(mcUioxy)carbonyl]-N- 
methylamino]-4-oxobutanoic acid 

10 Exaniple 7 



15 



Rapfimvcin-3 1 ,4?.-dipstPr with 2-rri1 .l.riimethvlethnxv k arhonvllp.minol-^V 
(phenvlm ethoxv^ hmanoic scid 



Under anhydrous conditions. 295mg (1.21rnrr.ol) of 2,4,6 trichlorobcnzoyi 
chloride v/as added to a solution of 391mg(1.21mmol) of Nf^-Boc-L-aspartic acid-P- 
benzyl ester and 170,aL (i.21mniol) of EtjN in 1 mL of TKF at rooir. temperature. 
After stirring for 30 minutes. 500 mg (0.55mmol) of rapamycin and 295 mg ( 2.42 
mmol) of dimethylaminopyridine was added ar.d the reaction was left to stir overnight. 
20 The reaction mixture was then filtered and the fillrate concentrated //- vacuo. Pure 
product (2C-0 mg, 25%) was obtained by preparative HPLC (5 cm column, 40 ?o ethyi 
acetate-hexane). The prtxluct was isolated as the heptahydiate. 

IH NMR (CDCI3, 400 MHz) 6 7.347 (s. 10 H. Ar), 6.223. 5.126 (s. 4 K, CH,?h), 
25 4.698 (m, 1 H. CH-CO2), 4.587 (m, 2 H, NH), 3.353 (s, 3 H, CH3O). 3.337 "(s. 3 
H, CH3O), 3.301 (s. 3 H, CI-I3O), 2.775 (m, 4 CH2CO2); IR (KBr) 3420 (OH) 
2935 (CH). 2920 (CK), 1730 (C=0), 1650. 1500. 1455. 1370. 1170 cm-i; MS rn.eg' 
ion FAB) 1523 (M"), 1433. 297, 248. 205. 148. 44, 25 (100). 

Anal. Calcd for Cs3Hii7N3 023-7H20 ' C, 60.40: H, 7.09; N, 2.54 

C, 60.54; H, 7.28; N, 2.56 
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Example 8 

RaDainvcin-31 ^ ^.-diester with 3-if(l ■T-d im ethvletho-y 'icar bonvnnminnl-^-o yn-^.. 
(ohenvlmethoxv^ hutanoic acid 

Under anhydrous conditions, 532 mg (2.18 mmo!) of 2,4.6 irichicrcb-^nzovl 
chloride in 1 mL THF was added to a soludon of 704 mc; (2.18 mn;oi) of N^-Bcc-L- 
aspartic acid-c-bsnzyl ester and 303 nL (2.18 mmol) of EisN in 5 mL of THF at room 
temperature. After stirring for 20 minutes, the reaction mixture was filtered over 
sintered glass, and the precipitate was washed with THF. The filtj-stc was concentrated 
in vacuo to give a thick oil. The oil was dissolved in 5 mL of bsnzens ar\d i.co g (l.C-9 
mmol) of rapamycin and 532 mg (4.36 mm.ol) of dimcthyia.iii.nopvTidjne in 1 niL of 
benzene was added dropv/ise. The reaction was stirred for 2 hr, poured into cthv] 
acetate, and washed consecutively with 0.5 N KCi and brine. Tlic soiution was dried 
15 over sodium sulfate, decanted, concentrated in vacuo to give a white fo?jr.y solid, 
which was p-jrified via flash chromatography on a 60 mm x mm .-iiks cohom.", (20- 
40 % etliyl acetate/hexane as cluant) to give 532 mg (33 %) of the ritle compound which 
v/as isolated as the hydrate. 

IH NMR (CDCI3, 400 m-iz) 5 7.362 (s, 10 K, Ar), 5.193 (s, 4 K. CHzI'h), 
4.596 (m, 1 H, CN-CO2), 4.586 (m, 2 H, NH), 3.336 (s, 3 H, 3.306 (s, 3 

H, CH3O), 3.145 (s, 3 H, C//5O); IR (KBr) 3410 (OH), 2950 (CH), 2920 (CH), 
1735 (C=0), 1710 (C=0). 1640, 1490, 1445. 1350, 1 150 cm -i; MS (n'eg. ion FAB) 
1524 (M-). 1434. 297, 248, 232, 214, 205, 167, 148, 42 (100), 26. 

Anal. Calcd for C83H] 17N3O23 • H2O: C, 65.38; H, 7.73; N, 2.76 
25 Found: C, 64.35; H. 7.57: M, 2.55 



20 



Example 9 

30 RaDamvci^-42-e-^tP■^ with ^-[fn i-Him ethvietho:-:vk p.rhr>j:j^Q7V:;^o2:£^ 
fehenvlmethoxv') hutanoic acid 

The title compound (374 mg, 23%) was prepared by the nisthod described in 
the previous Example and separated from the compound described in the previous 
35 E:;ample by flash chromatography (20-40% et"t:yl Pceta;c/hcxsr.c ihc ciiiani^, and 
isolated as the sesquihy.drnte. 



wo 92/05179 ?Cr/US91 /-0G324 



- 19- 



h-i NMR (CDCI3. 400 MHz): 5 1.43 (s. 9H. COOBiji) and 1.46 (s. 9H. 

COOBut), 1.65 (s. 3H. CH3C=C), i.75 (s, 3H, CH^C^C), 3.14 (s, 3H, CHc-O), 

3.34 (s. 3H, CK3O), 3.38 (s, 3K, CH3O), 4.13 (d, IH, CH-OH). 4.65 (m. IrL 42- 
30 CHO). 4.80 (s, IH, OH); 

High Res. MS (neg. ion FAB): Calc. for C65H 102N2O1S: 1198.7126, measured 

mass 1198.7135. 

Anal. Calcd for C65H102N2O18: C, 65.09; H, S.57; 2.34 
Po""d C 65.04; H, 8.33: N, 2.64 

35 



NMR (CDCI3, 400 Mliz) 0 7.356 (s, 5 /ir), 5.1S5 (s, 2 CrhPh), 
4.635 (m, 1 H, CV-CO2), 4.5S2 (m, 1 H, NH), 3.330 (s, 6 H, C/Vj:0), 3.135 (s, 3 
H. CH3O); IR (KBr) 3410 (OH), 2950 (CK). 2920 (CH), 1735 (C=0). 1710 (C=0), 
1640, 1490, 1445, 1350, 1150 cm -i; MS (neg. ion FAB) 1213 (M-), 1127, 590, 168, Ifl? 
42, 25, 17 (100). \M 
Anal. CaJcd for C67H98N20i8 • 1.5 K2O; C, 63.64; H. 8.21; N, 2.22 :§| 
J'o^nd: C, 63.64; H, 7.51; R 2.13 



Exampie 10 

10 ^ 
R3pamvcin-42-ester wnt h S-f 1 . 1 >dimethvloxv)-4-i rf 1 . 1 -c!imf-.t h vlet hox v^ carbonvil 

aminc1-5-oxop3ntan oic acid r'^'. 

Under anhydrous conditions, an ice cold solution of rs.pamycin (4 g, 4.37 l^l 
15 mniole) and L-glutaniic acid NCt-Boc-a-ten-butylester (4.9 g, 16.1 mmole) in 40 mL 
of anhydrous dichioromeihane was treated with dicyclohexylcarbc-diiniidc (l.S g, S.7 
mmole) followed by 4-dimethylamino pyridine (1 g, S.7 mmole). After stirring 
overnight at ambient temperature, the precipitated solid was collected and washed ';vith hM^ 
dichioroHiCthane. The combined filtrates were concentrated in vacux) to give 9 g of an 
20 ' amorphous amber solid. The crude product was purified by flash chrcmatcgraphy (on s|| 
silica Merck 60, gradient eiution with hexane-ethylacetate from 2:1 to 3:2, v/v) to 
provide 1.35 g (25.7%) of the title compound along with the 31,42-die3tcr of 
Example 11. HPLC analysis showed that the monoester is a 7.5 ;1 mixture of two 1^ 
conformers. 



25 
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Exsmple 11 

R? p a mvcin-3 1 ,42-dicster with 1 -dimethvlcthnxv)- 4-f rri . 1 -diincin vlKthoxvV 
carfaonvll- amino1-5-oxo7>anfannir. ariH 

The title compound was prepared (0.83 g.. 12.8%) along with the 42- 
monoester as described in Example 10. KPLC analysis showed that the dicster is a 
7.7: 1 mixture of two conformers. 



1h NMR (CDCI3. 400 MHz): 6 1.43 (s, 18K, COOBut), 1.46 (s. ISH, 
COOBut). 1.659 (s, 3H, CH3C=C), 1.759 (s, 3K, CK3C=C), 3.14 (s, 5H. CH^O),' 
3.34 (s. 3H, CH3O), 3.38 (s, 3H, CH3O). 4.66 (m, IH, 42-CHO), 4.72 (5,11-1,' 
OH); High Res. MS (neg. ion FAB): Calcd for C70H 125N3O23: I4S3.87C4. 
15 measured mass 1483.8636. 

Anal. Calcd for C79H125N3O23: C. 63.9G; K. 8.49; N, 2.S3 
^cund: c, 63.6S; H, 8.60; N, 3.20 



Example 12 

Rar )?.mvpin-42-g?tg r %vith N fl. N ^-bism .1-riimethvlf'rhnvvY- nrW.^^.^i^j^^ 



Under anhydrous conditions, a solution of rapamycin (3 g, 3.28 inrr.oie) and 
m, N£-bis-Boc-L-lysine (4.5 g, 13 mmole) in 40 wL of anhydrous dichlcromeihane 
was treated with dicyclohexylcarbodiimide (1.35 g, 6.56 mmoie) foliov.-ed by 4- 
dimethyiaminop:mdine (0.8 g. 6.56 m mole). After stiiring overnight at ambient 
temperature, die precipitated solid was collected and washed with dichlcTOir.ethane. Tlie 
combined filtrates were concentrated in vacuo to give aji amorphous amber .-^olid. Eash 
chromatography of the crude product (on silica Merck 60, eiudon v.ith hexane- 
cthylacetate 1:1 v/v) gave panially purified title compound. Pure product (0.8 g. 
19.6%) was obtained by preparative HPLC (Waters Prep 500, silica ge!. hexane- 
ethylatetaie 3:2 v/v. flow rate 250 mL/min). HPLC arniysis shou-cd that the monocster 
35 is a 9: 1 mixture of two conformers. 
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NMR (CDC13, 400 MHz): 5 1.438 (ra, 9H, CCOBut), 1.455 (s, 9H. 
COOBuO, 1.652 (s. 3H, CH3C=C), 1.752 (s. 3H, CH3C=C). 3.14 (s, 3H. CH3O), 
3.33(s, 3H, CH3O), 3.37 (s, 3H, CH3O), 4.18 (d. IH, CHOH), 4.72 (m. IH, 42- 
CHO), 4.79 (s, IK, OH); High Res. MS (neg. ion FAB): Calcd for C67H107N3O1S: 
5 1241.7549, measured mass 1241.7604. 

Anal. Calcd for C67H107N3O18 : C. 64.76; H, 8.68; N. 3.38 
Found: C, 64.58; H, 9.01; N. 3.10 



10 Example 13 

RaDamvcin-31.42-dicster with N K. N^ -bisfCl ■l-dirnethv!ethoxv)carbonvn-L-l y?:'rg 

Under a nitrogen atmosphere, a solution of N'C'-.NS bis-Boc-L-lysinc (1.035 g, 

15 3 mmole) and triethylamine (0.42 mL, 3 mmmole) in 1 0 mL of anhydrous TKF was 
treated in one portion with 2,4,6-trichloroben2oyl chloride (G.73 g, 3 minclc). After 
stirring for 20 minutes at ambient temperature, the precipitated solid was coilected rnd 
the filtrate was concentrated in vacuo . The resulting mixed anhydride was dissoh'cd in 
5 mL of benzene and added to a stirred solution of rapamycin (1 g, 1.09 mmole) 

20 containing 4-dimethylamino pyriduie (0.59 g, 4.8 mmole) in 10 mL of benzene. ASizv 
stirring at ambient temperature overnight, the precipitated solid was collected and the 
filtrate was evaporated to dryness (yellow fozm). The crude product was purified by 
flash chromatography ( on silica Merck 60, elurion with hexane-ethylacetate 1:1) to 
provide title compound (1.15 g, 67%). HPLC analysis shovV.=; that the diester is a 9:1 

25 mixture of tv^o confcrmers. 

NMR (CDCI3, 400 MHz): 5 1.426 (m, 9H, COOBuO, 1.438 (s, 9H, CCOBut), 
1.443 (s, 9H. CCOBut), 1.446 (s, 9H, COOBuO, 3.141 (5, 3R CH3C), 3.36 (s, 3H, 
CH3O), 3.378 (s, 3H, CH3O), 4.68-4.76 (m, 2H. OH ?jid 42-CliO); High res. MS 
(neg. ion FAB): Calcd. for C83H135N5O23 1569.9526, measured mass 1569.9537. 

30 Anal. Calcd. for C83H135N5O23: C, 63.46; H, 8.66; N, 4.46 

Found: C, 63.06; H. 8.34; N. 4.09 
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Rapamvcir)-143K42-tris(7rionobenzvlsuccinaic) 



10 



15 



20 



25 



30 



35 



To a solution of 5.0 g (5.47 mmol) of rapamycin, 3.41 g (16.4i mmol) of 
monobenzylsuccinate, and 3.15 g (16,41 mmol) of l-(3-dimethylaminopropyl)-3- 
ethylcarbodiiniide hydrochloride in 20 mL of dry dichlorometh^Jie was added 200 mg 
of 4-dimethylaminopyridine. The solution was stirred at room temperature for 3 days. 
The reaction mixture was poured into 2 N HCl and extracted three times wiLh ethyl 
acetate. The organic layers v/ere combined, washed with brine, dried over anhydrous 
sodium sulfate, decanted, and concentrated in vacuo to give a light yellow foam. Flash 
chromatography on a 60 mm x"150 mm silica gel colunin eiuting with 20 % ethyl 
acetate/hexane to 75 % ethyl acetate/hexane gave three fractions. Fraction ^1, upon 
concentration, gave 330 mg (4.1 %) of pure rapamycin- 14,31 ,42-tris- 
(monobenzylsuccinate). 

'•H NMR (CDCI3, 400 iVLKz) 6 7.353 (bs, 15 H, arom), 5. 168 (d, J = 2.0 Hz, 
1 H, C//-O2C), 5.148 (m, 6 H, C//2Ph), 4.672 (m, 1 H, C02C/2'-CKOMe), 3.355 
(s, 3 H, C//5O-), 3.337 (s, 3 H, CHsO-), 3.327 (s, 3 H, CH3O'), 2.697 ( m, 12 H, 
02CC//2C//2C02CH2Ph), 1.745 (s, 3 H, CZ/jC^C), 1.655 (s, 3 H, CZ/jC^C); 
IR (KBr) 3450 (OH), 2950 (CH), 1745 (C=0), 1650, 1460, 1385, 1360, 1160, 1105, 
995 cm-i. 

Analysis Galcd for C84H1C9NO21 -3 H2O C 66.27; H 7.56; N 0.92 
Found C 65.96; H 7,24; N 1.00 

The following representative compounds can be prepared from rapamycin and 
the appropriate half acid-ester by employing the method used to prepare the title 
compound in Example 14. 

Rapamycin- 14,3 1,42-tris (monomethylsuccLnate) 

Rapamycin-14,31,42-tris (monophenyl-3\3'-dimethylglutaratc) 

Rapamycin-14,31,42-tris (mono t-butyl-3'-mcthylglutarate) 

Rapamycin- 1 4,3 i,42-tris (monobenzylthiodiglycolate) 

Rapamycin-1431,42-tris (monohexyldiglycolate) 

Rapamycin- 1431, 42- tris (monopropylphthaiate) 

Rapamycin- 14, 3 1,42-tris (monoeihyl-2\6'-pyridinedicarboxylate) 



- . ••■kt.i- --i- . 
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Example 15. 

R apamvcin-3 1 .42-hi$(monobe.nzvlsuccin atc'> 



5 Fraction # 2, obtained from the prcceduie employed in Example 14, gave 

1.25 g (17.7 %) of pure rapamycin-31,42-bis(monobenzylsuccinate) upon concen- 
tration. 

IH NMR (CDCI3, 400 MHz) 5 7.351 (bs. 10 H, cromX 5.168 (d, J = 2.0 Hz, 
1 H, C//-O2C), 5.125 (m, 4 H, CH2Ph), 4.680 (m, 1 H, C02C//-CH0Me), 3.356 
10 (s, 3 H, CH3O-I 3.329 (s, 3 H, C//jO-), 3.146 (s. 3 H, CHsO-), 2.639 ( 8 H, 
02CC//2C//2C02CH2Ph), 1.748 (s, 3 H, C//jC=C), 1.654 (s, 3 H, C/75C=C); 
IR (KBr) 3450 (OH), 2940 (CH), 1740 (C=0), 1650, 1455, 1380, 1355, 1160, 1105, 
995 cm-1; MS (neg. ion FAB) 1294 (M-), 1202, 1103, 1012, 590, 511, 475, 297, 
207, 167, 148, 99 (100); High Res. MS (neg. ion FAB) Calcd for C73HQ9NO1C 
15 1293,68108, found 1293.6811. 

.Analysis Calcd for C73H99NO 10- H2O C 66.S2; H 7.70; N 1.07 
Found C 67.17; K 7.67; N 1.23 



The following representative compounds can be prepared from rapamycin and 
the appropriate half acid-ester by employing the method used to prepare the title 
compound in Example 15. 

Rapamycin-31,42-bis (monomethylsuccinate) 
Rapamycin-3 1 .42-bis (mon6phenyl-3\3*-dimethyIglut2rate) 
Rap3inycin-31,42-bis (mono t-butyl-3'-methylglutarate) 
Rapamyciii-3 1 ,42-bis (monobenzylthicdiglycolate) 
Rapamycin-3 1 ,42-bis (monohexyldiglycolate) 
Rapamycin-3 1 ,42-bis (m.onopropylphthalate) 
Rapamycin-3 1, 42-bis (monoethyl-2',6'-pyridinedicarboxvlate) 



Example 16. 

35 Rapamvcin-42-(monobenzvlsuccinate) 

Fraction # 3, obtained from the procedure employed L'l Exar/.ple 14, nave 
930 mg (15.4 %) of pure rapamycin-42-mGnobcnzylsiiccinaie uoon conccntratior. 
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NMR (CDCI3, 400 MHz) 6 7.355 (bs, 5 H, arom), 5.14i (xT., 2 H, 
CH2Phl 4.6S0 (m, 1 H, C02C//-CH0Me), 3.364 (s, 3 H. CZ/jO-), 3.333 (s, 3 H, 
CH3Q-I 3.141 (s. 3 H, Cf/50-). 2.698 ( m, 4 K, 02CC//2C/y2CC2CK2Ph), 1.751 
(s, 3 H, Cf/5C=C). 1.655 (s, 3 H, C2'{3C=C)\ IR (K3r) 3450 (OH). 2940 (CHI 1740 
(C=0), 1645, 1455, 1380, 1165, 1105. 990 cm*^; MS (ncg. ion FAB) 1103 (M-). 
1045, 1012, 624, 590. 167. 99 (100); High Res. MS (neg. ion FAB) Calcd for 
C62H89NO16 1103.6181, found 1103.6048, 

Analysis Calcd for C62H89NOi6-H20 C 66.36; K 8.02; N 1.24 
Found - C 66.02; H 7.69; N 1.26 

The fo!lov/ing representative compounds can bs prepared from rap:imycin and 
the appropriate half acid-ester by employing the method used to prepare the titie 
compound in Example 16. 

15 Rapamycin-42-(monom.cthylsuccinate) 

Rapamycin-42-monophenyl-3\3*-dimethyIglutarate) 

Rapamycin-42-(mono t-butyl-3-methylglutar2te) 

Rapamyciri-42-(monobenz>'Ithiodiglycoiate) 

Rapamycin-42-(monohexyldiglycolate) 
20 Rapamycm-42-(monopropy!phthalate) 

Rapamycin-42-(monoethyl-2',6'-pyridinedicarboxyIate) 
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Exainpie 17. 

RaDamvcin-31.42-bishcmjp ;lntarnr^, 



To a solution of 2.0 g (2.2 mmol) of rapamycin in 10 mL of dr)' 
dichlorcmetiiane was added 1.24 g (10.9 mmol) of glutaric anhydride follc\vcd by 
881 uL (S61 mg, 10.9 m.mol) of pyridine. To this was added 200 mg of 
. 4-dimethylaininopyridine and the reaction mixture was allowed to reflux for 8 h. The 
solution v/as cooled to room tem.perature, poured into 2 N UCl and extracted three 
times with dichloromethane. The combined organic extracts were washed with brine, 
dried over anhydrous sodium sulfate, decanted, and concentrated in vacuo to give a 
35 yellow foam. The crude product was purified via reverse phai^e KPLC on a Cis 
column during staning with 60 % acetonitrile/water. Collected, after, concentration, 
586 mg (24 %) of rapamycin-31,42-bishemig!ut2rate. 
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NMR (CDCI3. 400 MJiz) 6 5.398 (m, 1 H, -CO2C//CKOMC), 4.683 
(m. 1 H, -C02C/r'CKOMe). 3.364 (s. 3 K, C//5O-), 3.362 (s, 3 K, CH3O-), 3.106 
(s. 3 H. C//5O-), 2.407 (m, 8 H. -O2CC//2CH2C//2CO2H). 1.960 (m, 4 H, 
-O2CCH2C//2CK2CO2H), 1.770 (s. 3 H, CHsC^O, 1.653 (s. 3 H, CH3C=C); 
5 13c NMR (CDCI3, MHz) 211.45 (C=0), 206.84 (C=0). 200.44 (C=0), 177.S3 
(C=0). 177.04 (C=0). 172.43 (C=0). 171.20 (C=0), 165.27 (C=0). 159.08 (C=C); 
IR (KBr) 3430 (OH). 2940 (CH). 2880 (CH), 1745 (C=0), 1685, 1625, 1580. 1450, 
1385, 1330, 1200, 1140. 1100. 990 cm-l; MS (neg. ion FAB) 1140 (M-H). 1122, 
1026, 990. 946. 913. 590, 475. 435, 321, 167, 148, 131 (lOO), 113; High Res. 
10 MS (neg. ion FAB) Calcd for C61H00O19N Q-A-VL) 1140.6107. Found 1140.6106. 

Analysis Calcd for C6lH9iOi9N-H20 C 63.15; H S.02; N 1.20 

. C 63.35; H 7.88; N 1.40 

The following representative compounds can be prepared from rapamycin and 
15 the appropriate anhydride by employing the method used to prepare the title compound 
in E.xaniple 17. 

R3pamyciji-3 1 .42-bishenii-3'-methylglutarate 
'^spamycin-31,42-bishemi-3*,3'-diiriCthylg!utarate 
20 Rapamycin-3 1 ,42-bishemi-3'-oxoglutarate 

Rapamycin-31,42-bishemi-3'-thiogIutaratc 
Rapamycin-31,42-bishemi-phihalate 
Rapamycin-3 1 ,42-bishemi-2',3'-p>Tidine dicarboxylate 
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Example 18. 

Ra pg.Tnvr:in-3K42-hem;g liitnratf>. hi s.sodiiim snir 

Purified bis-31,42-hemiglutarate of rapamycin (740 mg, 649 umo!). prepared 
as described in Example 17, was dissolved in 5 mL of 95 % cthanol and 107 mg 
(1.27ramol) of sodium bicarbonate was ' added. Water (1 mL) was added to 
completely dissolve the salt. Once dissolved, the light yellow solution was 
concentrated in vacuo to give a foamy yellow solid. The foam was dried in a drying 
pistol for 24 h, refiuxing over acetone ra reduced pressure to give 520 mg of tiic 
bissodium salt. 
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IH NMR (d6-DMS0. 400 NlHz) 5 5.235 (m, 1 K, -C^'02C), 4.498 (m, 1 H, 
MeOCHC//02C-). 3.287 (s, 6 H. 2 C/fjO-). 3.235 (s. 3 K, CH3O-), 2.245 {m, 8 U, 
O2CC//2CH2C//2CO2-), 1.712 (s. 3 H, C//iC=C). 1.593 (s, 3 H, CA'jC-C); 
IR (KBr) 3420 (OH). 2920 (CH), 1725 (C=0). 1675, 1620, 1560, 1450, 14C.0, 1375, 
1230, 1 195. 1 130. 1090, 980 cm-l; xMS (neg. ion FAB) 1 1 12 (M-1, free acid), 994,' 
589, 475, 297, 167. 148, 117. 99 (100); High Res. MS (neg. ion FAB) 
C6iH890i9NNa (M-Na) 1162.5926, Found 1162.5899. 

Analysis Calcd for C6lH890i9NNa2 • H2O C 60.85; 



Iccl for 



Found 



H 7.56; N 1.16 
C 60.67; H 7.36; N i.5S 



Example 19. 

RaDamvcin-31.42-hi';hp.miplut3ra.p bistromerhaminf-. salt 

Purified bis-31.42 hemiglutarate of rapamycin (950 mg, 833 umol), prepared as 
described in Example .17, was dissolved in 5 mL of 95 % cthanol and 197 mg 
(1.63 mmol) of tris(hydroxymethyl)methylamine was added. V/ater (1 mL) was added 
to completely dissolve the amine. Once dissolved, the yellow solution was 
concentrated invaeuo to give a foamy yellow solid. The vert hygroscopic foam was 
dried in a drjdng pistol for 24 h, refluxing over acetone at reduced pressure to give 
900 mg (78 %) of the bistromethamine salt. 



IH NMR (d6-DMS0, 400 MHz) 5 5.253 (m, 1 H, -CHO2C), 4.523 (m, i H, 
Me0CHC//02C-). 3.347 (s, 6 H. 2 C//3O-), 3.276 (s, 3 H, ChW, 2.289 (m 8 H,' 
O2CC//2CH2C//2CO2-). 1.681 is, 3 H, C//5C=C), 1.595 (s, 3 H, C//tC=C); 
IR (ICBr) 3400 (OH), 2920 (CH), 1730 (C=0), 1620, 1555. 1450, 1400. 1370, ;.i85, 
1060, 980 cm-l; mS (neg. ion FAB) 1140 (M-H, free acid), 1028, 167, 148, 131* 
(100). 113; High Res. MS (neg. ion FAB)' Calcd for CeiHpoOjpN (M-H, free acid) 
1140.6107, Found 1140.6069. 

Analysis Calcd for C69H103O25N3 • 2 K2O C 58.77; H 7.5S: N 2.98 

C 53.47; H 7.94; N 3.53 



■.•"■■i'fiiii:- 
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Example 20. 

Rapamvci n-42-hemi-3'-oxoplutarate 



30 Rapamycin-42-hemi-3'-rriethylglutaraie 

Raparnycm-42-hemi-3',3-diir.ethylglutanitc 
Rapamycin-42-hemi-3'-thioglutarate 
Rapamycin-42-hemi-phthalate 
Rapamycin-42-hemi-2',3 -pyridine ciicarboxylatc 



.1 4-S\ 



To a solution of 3.0 g (3.3 mniol) of rapamycin in 20 niL of drj' 
dichloromethane was added 1.90 g (16.4 nmol) of diglycoiic anhydride followed by 
1.32 mL (1.29 g, 16.4 mmol) of pyridine. To this was added 200 mg of 
4-dimcthylaminopyridine and the reaction mixture was allowed to stir at room 
lemperaturc for 2 days. The solution was cooled to room temperature, poured into 2 N H^^^S- 
HCU and extracted three times with dichloromethane. The combined organic extracts 
were washed with brine, dried over anhydrous sodium sulfate, decanted, and 
concentrated in vacuo to give a yellow foam. The crude product was purified via 
reverse phase HPLC on a Ci8 column eluiing staning with 60 % acetonitrileAvater. 
After concentration. 870 mg ( 26 %) of rapamycin-42-hem-i-3'-oxoglutarate and 
15 500 mg (13 %) of rapamycin-31.42-bishemi-3bxoglutajiite were isolated. 

NMR (CDC13, 400 f/tHz) 5 4.768 (m, 1 H, C02C//-CH0Me), 4.250 
(m,4 H, O2CCH2OCH2CO2I 3.356 (s, 3 H, CH3O-I 3.331 (s, 3 H, C//5O-), 
3,139 (s, 3 H, CHjO-l 1.759 (s. 3 H, CHjC^Cl 1.653 (s, 3 H, C/VjC=C); 
IR (KBr) 3420 (OH), 2920 (CH), 2875 (CH), 1740 (C=0), 1720 (C=0), 1640, 1625, 
20 1445. 1370, 1320, 1200, 1 135, 1095, 980 cm-l; MS (neg. ion FAB) 102S (M - H)! H 
327, 167 (100), 148, 133, 115; High Res. MS (neg. ion FAB) Calcd for 
C55H82O17N (M - H) 1028.5597. Found 1028.5599. Ift 
Analysis Calcd for CssHgsOnN- 3 H2O C 60.97; H 8.22; N 1.29 

• C 61.33; H 7.74; N 1.69 ^ 



25 - p. 



The following representative compounds can be prepared from rapamycin and 
the appropriate half acid-ester by employing the method used to prepare the title 
compound in Example 20. 



.''•'■U'A'iT 
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Example 21, 

RaDamvcin-31.42-bishemi-3'-oxoglutarate 

To a solution of 5.0 g (5.47 mmol) of rapamycin in 20 mL of cliy 
dichloromethane was added 3.17 g (27.3 mmol) of diglycoiic anhydride followed by 
2,17 mL (2.12 g, 27.3 mmol) of pyridine. To this v/as added 400 mg of 
4-dimeihylaminopyridine and the reaction mixture was allowed to stir at reflux for 24 h. 
The solution was cooled to room temperature, poured into 2 N HCI, and extracted three 
times with dichloromethane. The combined organic extracts were washed with bri.ne, 
dried over anhydrous sodium sulfate, decanted, and concentrated in vacuo to give a 
yellov/ foam. The crude product was purified via reverse phase HPLC on a 
Ci 8 column eluung starting witli 60 % acctonitrile/water. After concentration 1.75 <y 
( 28 %) of rapamycin-31,42-bishemi-3'-oxoglutarats was isolated. 
15 IH NMR (CDCI3. 400 MHz) 5 4.785 (m, 1 H, COzCZ-ZCHOMe), 4.260 

(m. 8 H. O2CC//2OC//2CO2), 3.360 (s, 3 H, CH3O-), 3.343 (s, 3 H. CH3O-), 
3.143 (s. 3 H. C//5O-). 1.775 (s. 3 H, C//jC=C). 1.656 (s. 3 H. C//7C=C); 
13c NMR (CDCI3, MHz) 211.12 (C=0). 207.73 (C=0), 193.11 (C=0). 171.90 
(C=0). 171.59 (C=0). 170.15 (C=0). 169.35 (C=0), 168.83 (C=0), 166.63 (C=0); 
20 IR (KBr) 3420 (OH). 2920 (CH). 2850 (CH). 1740 (C=0), 1645, 1625, 1440, 137o! 
1190, 11300, 980 cm-l;- MS (neg. ion FAB) 1140 (M-H), 1122, 1026, 990, 946. 
913, 590. 475, 435, 321, 167. 148, 131 (100). 113; High Res. MS (neg.' ion FAB) 
Calcd for C59H86O21N (M - H) 1 144.5701, Found 1 144.5702. 

Analysis Calcd for C59H87C21N C 61.82; H 7.65; N 1.22 

C 61.59; H 7.36; N 1.84 



Example 22. 

30 R3pamvcin-31.42-hishe mi-3'-oxQgliitarate disodiiim ^nU 

Purix^ied bis-31,42 hemi-3'-oxoglutarate of rapamycin (720 mg, 629 umol) , 
prepared by the procedure employed in Example 21, was dissolved in 10 niL of 95 % 
ethanol and 106 mg (1.26 mm.ol) of sodium bicarbonate was added. V/ater (I niL) was 
35 added to completely dissolve the salt. Once dissolved, the light yellow soluuon was 
concentrated in vacuo to give a foamy yellow solid. The foam was dried in ?. dryinc 
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Example 23. 

Rgpanivcip.-31 ■4?.-hishe Tni-3'-Qxop ! utan'.te bistromeihamir e, 



pistol for 48 h, refluxing over dichloromeLhane at reduced pressure to rive 435 nis- 
(58 %) of the disodium salt. f:$^. 

n-i NMR (d6-DMS0, 400 MHz) 5 4.975 (in, 1 K. -CHO2C), 4.593 (m. ! K. 
MeOCHCW02C-), 4.135 (s, 2 H, -O2CCK2OC//2CO2R). 3.617 (s,2 H, 
-O2CC//2OCK2CO2R). 3.299 (s. 6 K. 2 C//3O-). 3.232 (s. 3 H. C//3O-), 1.614 
(s, 3 H, C//5C=C), 1.553 (s, 3 K, C7/jC=C); IR (X3r) 3420 (OH), 2920 (CH). 
1735 (C=0), 1615, 1445, 1395, 1380, 1320, 1220, 1130, 1090, 980 cm-1; 



MS (neg. ion FAB) 1188 (M-1), 1166 (M-Na), 1144, 1051, 1028, .590, 459, 167. ^ 

155 (100), 148, 133, 115. ' * ^ 

10 Analysis Calcd for C59Hs502iNNa2 • 2H2O C 57.79; K 7.26; N 1.14 ||| 

Found C 57.94; H 7.11; N 1.26 iM 



Purified bis-31,42 hemi-3'-oxoglutarate of rapamycin (1.01 g, 832 umol), 
prepared by the procedure employed in Example 21, was dissolved in 10 mL of 95 % 
20 ethanol and 213 mg (1.76 mmol) of £ris(hydroxymcthyl)- methylamine was added. 
Water (1 mL) wa.s added to completely dissolve the amine. Once dissolved, the yeliow 
solution was concentrated in vacuo to give a foamy yellow solid. The verv IfS 
hygroscopic foam was dried in a drying pistol for 48 h, refluxing over dichlorometliane ^= 
at reduced pressure to give 805 mg (66 %) of the bistromethamine salt |K 



t;.«.-^l. ;v 



IH NMR (d6-DMS0, 400 ?/uHz) 5 4.955 (m, 1 H. -C//O2C), 4.600 (m, 1 H, 
MC0CHC/-/02C-), 4.149 (s, 2 H, -02CCH20C/-/2C02R). 3.770 (s, 2 K.' 
-O2CC//2OCH2CO2R), 3.407 (s, 6 H, 2 C//3O-), 3.257 (s, 3 H. C//3O-), 1.806 ' M 
(s. 3 H, C//jC=C), 1.614 (s, 3 H, CHsC^C): IR (KBr) 3400 (OH). 2920 (CH), K 
1730 (C=0), 1620, 1550. 1450. 1395, 1370, 1200, 1060, 985 cm-1- ' SI 

MS(neg. ion FAB) 1144 (M-H. free acid), 1028. 167, 148, 133 (100), 115. f^': 
Analysis Calcd for C67H109O27N3 • K2O C 57.22; H 7.90; N 2.98 
Poland C 57.26; K 7.90; N 3.15 



Si 
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Example 24. 

Racamvcin-3 1 ,42-bishemisuccinate , 

5 To a solution of 2.0 g (2.2 mmol) of raparnycin in iO mL of dry dichioro- 

mcthanc was added 1.19 g (10.9 mmol) of succinic anhydride followed by 881 uL 
(861 mg, 10.9 mmol) of pyridine. To this was added 200 mg of 4-dimethylamino- 
pyridine and the reaction mixture refluxed for 24 h. The solution was cooled to room 
temperature, poured into 2 N HCl, and extracted three times with dichloromctliarxC. 
10 The combined organic extracts were washed with brine, dried over pjihydrous sodium 
sulfate, decanted, and concentrated in vacuo to give a yellow foam. The cnide product 
was purified via reverse phase HPLC on a Cis column gradient cluting starting with 
20 % acetonitrile/watcr to 60 % acetonitriie/v/aten Collected, after, concentration, 
770 mg (31 %) of rapamycin-31,42-bishemisuccinate. 

15 

. The purified bis-31,42 hcrriisucciriate of raparnycin (770 mg, 6S6 umcl) v/as 
dissolved in 10 mL of 95 % ethanol and 166 mg (1.37 mmol) cf tris(hydrox>7nethyl)- 
methylamine was added. Water (1 mL) was added to completely dissolve the amine. 
Once dissolved, the yellow solution was concentrated in vacuo to give a foamy yellow 
20 solid. The very hygroscopic foam was dried in a drying pistol for 24 h, refluxins over 
acetone at reduced pressure to give 890 m.g (95 %) of the bistromethaminc salt. The 
bistromethane salt was evaluated in the standard pharmacological test procedures. 

NMR (d6-DMS0, 400 Nffiz) 5.231 (m, 1 H, -C//O2C), 4.554 (m, 1 H, 
25 MeOCHC//02C-). 3.426 (s, 6 H, 2 C//3P-), 3.249 (s, 3 H. CHiO-l 2.431 (m, 8 H, 
O2CCH2CH2CO2-), 1.700 (s, 3 H, C//jC=C), 1.554 (s, 3 H, C//jC=C); ^^C NMR 
(d6-DMS0. ) 211.28 (C=0), 205.23 (C=0), 199.59 (C-0), 174.86 (C=0), 173.62 
(C=:0), 171.72 (C=0), 171.50 (C=0). 166.56 (C=0), 166.53 (C=0); IR (XBr) 3420 
(OH), 2940 (CH), 1735 (C=0), 1630, 1580, 1460, 1400, 1380, 1170, 1070, 
30 990cm-l; MS (neg. ion FAB) 1112 (M-L free acid), 994, 589, 475, 297, 167, 148, 
117, 99 (100). 

Analysis Calcd for C67H109O25N3- 2 K2O C 57.80; K S.12; N 3.01 
Pound C 57.91; H 8.21; N 2.37 
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What is claimed is: 
1 . A compound of the structure 

5 

-12!' 



15 



20 




OMe 



I ! ' " il 




I II 31 

%^^0 OMe 




whereLn R", R2. and R3 are each, independently, hydrogen, or R-^; 
O 

!l 9 

RMs -[C(CH2)^CH(CK,)„N]pC02R\ -C-(CHAX(CH2)„C0,R'^ .or 
10 R5 R6 

o 

R5 is hydrogen, allcyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH2)qC02R8, -(CH2)rNR9cO2Rl0, carbamylalky! of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms, 
guanylalkyi of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydjoxyphenylmethyi, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or ni-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, all^oxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbaLkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 
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R6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or aralial 
of 7-10 carbon atoms; 

R^y RS, and R-^ are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 

carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
5 substituted with a substituent selected from alkyl of 1-6 carbon atoms, aLkoxy 

of 1-6 carbon atoms, hj^droxy, cyano, halo, nitro, carbalicoxy of 2-7 carbon 

atoms, trifluoromeLhyl, amino* or a carboxylic acid; 
R^^ and Rl2 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 

atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
10 substituent selected from alkyl of 1-6 carbon atom.s, alkoxy of 1-6 carbon 

atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 

trifluoromethyl, amJno, or a carboxylic acid; 

Rl3 

Xis .t, O, orS; 
R^4 

15 

Rl3 2jid Rl^ are each, independently, hydrogen or aLkyl of 1-6 carbon atom.s; 
YisCHcrN; 
m is 0 - 4; 
n is 0 - 4; 
20 p is 1 - 2; 
q is 0-4; 
risO-4; 
t is 0 - 4; 
u is 0 - 4; 

O 

5 6 

wherein R , R , m, and n are independent in each of the[C(CH2);^CH(CH9)^N^] 

1 ^ I 

25 subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, with the proviso that R^ R^, and R^ axe 
not all hydrogen, funhcr pro\aded that Rl, R-» and R3 are not all 
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O 
II 

~ [C(CH2)^CH(CH2)nN]pC02R' , and sdU fanhcr providod that t and u are net 

I I 

both 0 when X is O or S. 

O 

I! 

2. A compound of claim 1 where R"* is — fCfCH-.^-^CHrCHoVNI CO-.R^ 

! I 

R5 R6 

5 m = 0, n = 0, and p = 1 or a pharmaceutically acceptable salt Lhereof. 

0 

i! 

3. A compound of claim 1 where R"* is - LC(CK2)niCH(CK2)nN]pC02R' 

i I 

m = 0, n = 0, and p = 2 or a pharmaceutical ly acceptable salt thereof. 

O 
il 

4. A compound of claim 1 where R" is - [C(CH2)nCK(CH2)^N]pC02R ' 

f *! ' 

10 pj 

n = 0, and R5 is -(CH2)qC02RS or a pharmaceutically acceptable salt thereof. 

0 

I! 

5. A compound of claim i where R'' is - [C(CH2)„CH(CH2)nN]pC02R" , 

I i " ' 

m = 0. n = 0, and R5 is -(CH2)rNR?CO2Ri0 or a phanmaceuticaliy acceptable saJt 
15 thereof. 

O 
II 

6. A compound of claim 1 where R'* is - [C(CH2^^CK(CH2)j,N]^CO-,R^ 

"\ 'r ^ ' 

R5 R* 

m = 0, n = 0, and R^ is hydrogen or a phaimaceuticaJly acceptable salt thereof. 
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0 

i! 

7. A compound of claim 1 where is -C-(CH2XX(CH2)uC02R^^ 
or a pharmaceutically acceptable salt thereof. 

5 8. A compound of claim 1 which is rapamycin-42-cstcr with N-[(l,l-dimethyieih- 
oxy)carbonyI]-glycylglycine or a pharmaceutically acceptable salt thereof. 

9. A compound of claim i which is rapamycin-31,42-dicster with N-[(l,l-di- 
methyl- eLhoxy)carbonyl]-glycylglycinc or a pharmaceutically acceptable salt thereof. 

10 

10. A compound of claim 1 which is rapamycin-31,42-diester with N-[(lJ-di- 
methylethoxy)carbonyl]-N-methyigiycme or a phamiaceutically acceptable salt thereof. 

11. A compound of claim 1. which is rapamycin-42-ester with N-[(l,l-di- 
15 meLhylethoxy)carbonyl]-N-meLhylglycine or a pharmaceutically acceptable salt thenxr-f. 

12. A compound of claim i which is rapamycin-31,42-diester with 5-(i,l- 
dimelhylethoxy).2"[[(l,l-dimethylethoxy)carbonyl]amino]-5-oxopentanoic acid or a 
pharmaceutically acceptable salt thereof. 

20 

13. A compound of claim 1 which is rapamycin-42-ester with 5-(l,i. 

dimethylethoxy)-2-[[(l,l-dimethylethoxy)carbonyl]amino]-5-oxopentanoic acid or a 
pharmaceutically acceptable salt thereof. 

25 14. A compound of claim 1 which is rapamycin-31,42-diester with 2-[[(l.l- 
dimethylethoxy)carbonyl]amino]-4-oxo-4-(phenylmethoxy) butanoic acid or a pharma- 
ceutically acceptable salt thereof. 

15. A compound of claim 1 which is rapamycin-31,42-diester with 3- 
30 [[(l,l-dimethylethoxy)carbonyl]rjnino]-4-oxo-4-(phenylmeLhcxy) butanoic acid or a 

pharmaceutically acceptable salt thereof. 

16. A .compound of claim 1 which is rapamycin-42-ester with 3- 

[[(l,l-dimethylethoxy)carbonyi]amino]-4-oxo-4-(phcnYlmcthcxy) butanoic acid or a 
35 pharmaceutically acceptable salt thereof. 



17. A compound of claim 1 which is rapamycin-42-ester v/ith 5-(l,:-oimethvi- 
oxy)-4-[[(l,l-dinjethylethoxy)carbonyl]amino]-5-oxopentanoic acid or a pharma- 
ceutically acceptable salt thereof. 

18. A compound of claim 1 which is rapamycin-31,42-diester v/ith 5-(l,l- 
dimethylcthoxy)-4-[[(l,l-dimethylethoxy)carbonyl]amino]-5-oxopcntanoic acid or a 
pharmaceutically acceptable salt thereof. 

19. A compound of claim i which is rapamycin-42-estcr with N^, N--bis[(l,l- 
dimethylethoxy)carbonyl]-L-iysine or a pharmaceutically acceptable salt thereof. 

20. A compound of claim I which is rapamycin-31,42-diester with N^^, 
bis[(l,l-dimethyIethoxy)carbonyl]-L-lysine or a pharmaceutically acccpta.ble salt 
thereof. 

21. A compound of claim. 1 which is rapam.ycin-i4,31,42-tris(rr;onobenzyl- 
succLnate) or a pharmaceutically acceptable salt thereof. 

22. A compound of claim 1 v/hich is rapamycin-S 1 ,42-bis(monoben2y!succ:nate) 
or a pharaiaceudcally acceptable salt thereof. 

23. A compound of claim i which is rapamycin-42-(m.onoben2ylsuccLnate) or a 
pharmaceutically acceptable salt thereof. 

24. A compound of claim 1 which is rapamycin-31,42-bishemiglutarare or a 
pharmaceutically acceptable salt thereof. 

25. A compound of claim 1 which is r2pamycin-31,42-heniiglutarare bissc-dium 
salt. 

26. A compound of claim 1 which is rapamycin-31,42-bishemislutarate 
bistromethamine salL 

27. A compound of claim 1 which is rapamycin-42-hemi-3'-oxoeluiarate or a 
pharmaceutically acceptable saJt tiiercof. 
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28. A compound of claim 1 which is rapariiycin-31,42-bishemi-3'-oxoglutnrate or 
a pharmaceudcally acceptable salt thereof. 

29. A compound of claim 1 which is rapamycin-31,42-bishemi-3'-oxoglutarate 
5 disodiura salt. 

30. A compound of claim 1 which is rapamycin-31,42-bishemi-3'-oxoglutarate 
bistronfKthamine salt 

10 31. A compound of claim 1 which is rapamycin-31.42-bishemisuccinate or a 
pharmaceudcally acceptable saJt thereof. 

32. A compound of claim i which is rapam.ycin-31,42-bishemisuccinate 
bistromethane salt 



15 



33. A method of treating transplantation rejection, host vs. graft disease, 
autoinnmune diseases, and diseases of inflammation in a mammal by administering an 
immunosuppressive amount of a compound having the structure 



Q 




20 




wherein Rl, R2. and are each, indcpendeniiy, hydrogen, or R"*; 
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o 

II o 

R'is -[C(CH2)^CH(CH2)„N]pC02R\ -C-(CH2).X(CH2)„CC2rv" , or 
I I 

R5 R6 

O 

R5 is hydrogen, alkyi of 1-6 cartwn atoms, aralkyl of 7-10 carbon atonis, 

-(CH2)qC02R8, -(CH2)rNR9CO2R'0, carbamyialkyi of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 CEirbon atoms, 
guanylalkyi of 2-4 carbon atoms, mercaptoaLkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydrcxyphcnylmethyl, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, slkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic add; 
R^ and R^ are each, independently, hydrogen, aLkyi of 1-6 carbon atoms, or aralky! 
of 7-10 carbon atoms; 

15 R7, r8, and RlO are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substiuited with a substituent selected ft-om alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 

20 Rll and Rl2 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyi of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

25 

Xis -C-, O, orS; 

Rl3 and Rl** arc each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
Y is CH or N; 
30 m is 0 - 4; 
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n is 0-4; 
p is 1 - 2; 
q is 0 - 4; 
r is 0 - 4; 
t is 0 - 4; 
u is 0 - 4; 

O 
i! 

wherein R^, R^, m, and n are independent in each of the[C(CH2);nCH(CH2)nN] 



R5 

subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, v/ith the proviso that R^ R2. and R3 are 
not all hydrogen, further provided that R', R^. and R3 are not all 

O 

— tC(CH2);T,CH(CH2)nN]pC02R , and sciil further provided Lhat t and u zic noi 

i i 

both 0 when X is O or S. 



34. A method of treating fungal infections which comprises administering an 
15 antifungal amount of a compound having the structure 




wherein R^. and R^ are each, independently, hydrogen, or R'*; 



wo 92/05179 



?Cr/US91/C-5o24 



-39- 



O 

II O 
RSs -[C(CH2)„CH(CH2)„N]pC02R' , -C-(CH2XX(CK2),C02R" 



or 



R^ R6 



O 

5 R5 is hydrogen, alkj'l of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH2)qC02R8, -(CH2)rNR9cO2Rl0, carbamylalkyl of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atonis, hydroxyalkyl of !-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylLhioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyi, 
10 imidazoylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 

with a substituenl selected from alkyl of 1-6 carbon atoms, aikoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbaikoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 
R6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or araLkyi 
15 of 7- 10 carbon atoms; 

R7, R8, and RlO are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbaikoxy of 2-7 carbon 
^® atoms, trifluoromethyl. amino, or a carboxylic acid; 

Rl 1 and Rl2 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbaikoxy of 2-7 carbon atoms, 
25 trifluoromethyl, amino, or a carboxylic acid; 

Ri3 

Xis -C-, O, orS; 

R14 

Rl3 and Rl4 are each, independently, hj-drogen or aUcyl of ] -6 carbon atoms; 
30 Y is CH or N; 
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m is 0 - 4; 
n is 0 - 4; 
p is 1 - 2; 
q is 0 - 4; 
5 r is 0 - 4; 
t is 0 - 4; 
u is 0 - 4; 

O 
II 

>5 d6 



wherein R , R , m, and n are independent in each of the(C(CK2)n,CH(CH,)nN] 

. "i '"l 

subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, v/ith the proviso that ?J, R2. and R3 arc 
10 not all hydrogen, further provided that R r2. and R3 are not all 

O 
II 

— [C(CH2)n,CH(CH2)nN]pC02R' , and stiU funher provided that t and u are not 

R5 r6 
both 0 when X is O or S. 



15 



35. A pharmaceutical composidon for the use in treating transplantation rejection, 
nost vs. graft disease, autoinunune diseases, and diseases of inflammation in a mammal 
which comprises, an immunosuppressive amount of a compound having the structure 
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wherein R', R2. aid R^ are each, independently, hydrogen, cr R"*; 
O 

II o 

R'is -[C(CH2)^CH(CH2)„N]pC02R' , -C-m2\X(CHo),CO.R'' 

R5 R6 



cr 



10 



1 4 



ii 



o 

-C-f ^CO^Ri^. 
Y 



R5 is hydrogen, alkyl of 1 -6 carbon atoms, aralkyl of 7- 1 0 carbon atoms, If^'^ 
-(CH2)qC02R8. -(CH2)rNR9cO2Rl0, carbamylalkyl of 2-3 carbon atoms, H| 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyi of 1-4 carbon atoms, 
guanylalkyi of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, j?^- 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl. hydroxyphenylmethyl, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or iri-substituted 
wuh a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
15 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, S^l 

trifluoromethyl, amino, or a carbcxylic acid; 

R6 and R9 are each, independently, hydrogen, aUcyl of 1-6 cart>on atoms, orarrJkyl 
of 7- 1 0 carbon atoms ; 

R7, R8. and RIO are each, independently, alkyl of 1-6 carbon atoms, araikyl of 7-10 
20 carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- [fSi 

substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy f|ii 



m 



1.-, » 
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of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbaLkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 
Rl 1 and Rl2 are each, independently, aLkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, aUcoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

Xis -C-, O, orS; 

Ri4 



10 



Rl3 and Rl^ are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
Y is CH or N; 
m is 0 - 4; 
n is 0 - 4; 
15 p is i - 2; 
q is 0-4; 
r is 0 - 4; 
t is 0 - 4; 
u is 0 - 4; 

O 

u • 5 6 " 

wherem R , R , m, and n are independent in each of the[C(CH2)n,CH(CH',) Nl 

I 

R5 R6 

20 subunits when p = 2; 

or a phannaceutically acceptable salt thereof, with the proviso that Rl, r2. and R3 are 
not all hydrogen, further provided that R-, R^. and R3 arc not all 

O 
II 

- [C(CH2)„,CH(CH2)nN"JpC02R' . and still funher provided that t and u are not 
R5 R6 



25 both 0 when X is O or S. 
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36. A phannaceutical composition for the use in treating fungal infections, which 
comprises an antifungal amount of a compound having the strucf jut: 




5 

wherein Rl, r2. and r3 are each. independenUy. hydrcgen. or K^; 
O 

II o 

^'is -[C(CH,)^CU(CH,m^^^ -C-(CH,XX(CH,)„CO,R»'- , or 

R5 R6 

o 

10 '^Y*^ ' 

R5 is hydrogen, alky] of 1-6 carbon atoms, arallcyl of 7-iO carbon atoms. 

-(CH2)qC02R8. -(CH2)rNR9cO2Rl0, carbamylalkyl of 2-3 carbon atoiPS 
aminoaikyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms! 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms,' 
15 alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyl,' 

imidazoylmethyl or phenyl which is optionally mono-, di-, cr tri-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 c.-rbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 
20 R6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or araikyl 
of 7-10 carbon atoms; 
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R"^, R8, and RlO are each, independentJy, alkyl of 1-6 carbon atoms, aralkyi of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, allcoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbaikoxy of 2-7 carbon 
5 atoms, trifluoromethyl, amino, or a carboxylic acid; 

RH and Rl2 are each, independendy, alkyl of 1-6 carbon atoms, arallcyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-subsdtuted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano. halo, nitro, carbalkoxy of 2-7 carbon atoms, 
10 trifluoromethyl, amino, or a carboxylic acid; 



Ri3 
I 



Xis -C-, O, orS; 
Ri'* 

R^3 and Ri-* are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
15 YisCHorN; 

m is 0 - 4; 

n is 0 - 4; 

p is 1 - 2; 

q is 0 - 4; 
20 risO-4; 

t is 0 - 4; 

u is 0 - 4; 

O 

wherem R , R , m. and n are independent in each of the[C(CH2)n,CH(CH~).N] 

i '"i 

R5 r6 

subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, with the proviso that Ri, r2. and R3 are 
25 not all hydrogen, funher provided that Rl, R2. and R3 arc not all 

O 
II 

— [C(CH2)n,CH(CH2)nN]pC02R' , and still further provided that t and u arc not 

R5 R6 
both 0 when X is O or S. 
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37. A process for preparing a compound of the formula 

OMc 




10 



15 



20 



wherein Rl, r2. and R3 are. each, independently, hydrogen, or R'*- 
O 

il o 

R^s -[C(CH2),CH(CH2)„N]pC02R\ -C- (CH2),X(CH2),C02R^^ , or 

R5 R6 

O 

R5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH2)qC02R8, -(CH2)rNR9cO2R»0. carbamylalkyl of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyl, 
imidazoylmtthyl or phenyl which is optionally mono-, di-, or tri-substitutcd 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromcthyl, amino, or a carboxylic acid; 

R6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or aralkyl 

of 7-10 carbon atoms; 

R'', R8, and RlO are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-iO 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from allcyl of 1-6 carbon atoms, alkoxv 



to 

ism 



m 



'asm 



m 

m 
m 



mi 
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of .1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 
R^l and R^^ ggch^ independently, alkyl of 1-6 caibon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyi of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

Xis -C-, O, orS; 
Rl4 

R'-3 and Rl4 are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 

YisCHorN; 

m is 0 - 4; 

n is 0 - 4; 

p is 1 - 2; 

q is 0 - 4; 

r is 0-4; 

t is 0 - 4; 

u is 0-4; . 

O 

5 6 " 

wherem R , R , m, and n are independent in each of the(C(CH2)^CK(CH2) N] 

I "l 

R5 r6 

subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, with the proviso that Rl, r2. and R3 are 
not all hydrogeii, further provided that Rl, r2. and R3 are not all 

O 

il ^ 

— [C(CH2)n,CH(CH2)nN]pC02R , and still funher provided that t and u are not 

I I 
R5 R6 

both 0 when X is O or S; 

which comprises (a) acylating rapamycin with an acylating agent or (b) sequentially 
acylating rapamycin with one or more acylating agents, said acylating agcnt(s) being 
selected from acids of formula: 



mm: 



m 
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O n ■ % 

II 

Z-[C(CH2)„CH(CH2)„N]pC02R' , Z-C- (CH,\XiCH^),C02R'' . or W 



R5 R6 



where Z is OH 

or reactive derivatives thereof, if desired protecting any of 42, 3i and 14 positions or 
5 rapamycin with an appropriate protecting group and removing said group as required, 
and further if desired isolating the product as a phannaceutically acceptable salt. 
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